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CYLINDER BARREL COOLING WITH BONDED
PREFORMED COPPER FINS

3 E. H, Foster and H. H, Ellerdrock, Jr.
SUMMARY

Preformed copper fins were furnace-brazed to a steel-
cr¥linder barrel. The varrel was electrlically heated and
blower—~cooled to determine the over—all heat-~transfer co-
efflclent. The experimental coefflcients, based on the
tenperature of the steel, were approximately twlice as large
as the calculated coefflclents for a similar steel cylin-
der wlith integral fing of the same dimensions.

Inproving the thermal bond, which can be acconplished
P¥ inproving the mnethod of assemdly of the fine on the
varrsel before the dbrazing, can posslidbly increase the heat
trancfer of the barrel 27 percent above the values obtalned.
Both the copper fin and the steol barrel rre annealed by
the 1200° ¥ furrace tonmperature required for brazing. Re-
cont devolopmonts of aigh~frequoency induction heating for
tho brazing opoeration are bolng investigated with a viow
to avolidling the incldentsal annealing which occurs in fur-
nnaco vrazing of the fins.

INTRODUCTION

The MACA in the past few years has conducted numerous
teets on the cooling of finned cylinders. Analyses of the
results of these tests indlcate that wider and closer
spaced Ifins are required for the modern air-cooled alr-
craft engine than can ve obdtained o> the usual casting or
rachining techniqgue.

The preformed.fin.offers the advantages of practical-
1y unlipited fin dimensions and fin spdcing as well as a
fin materlal haoving a higher thermal conductivity than
that of the usual integral steel fin. Copper has a thermal
conductivity more than 8 times that of steel nnd more than



24 times thaet of aluminum alloy. The welgat of copper fin-
ning for equivalent cooling, therefore, compares favoradvly
wlth that of finnlng with consideradbly lighter metals.
Copper is easily bonded to steel and its procurement in
times of war has usuallyr been easler than that of the
lighter metals.

This report presents results of blower—coollng testis
of a criinder barrel with furanace-brezed preformed copver
fias. The over-all heat-trarsfer coefflicients were deter-
mined anéd are shown plotted agolnast the theoretical val-
ues to obteln an indieation of tho cxcellence of the bond
vetween the covper and the steel. A discussior of the ad-
vantagos of copper fins ard of futuro mothods of bondlrg
thom to the cylinder is included.

CYLINDER ASSEVBLY

The first barrel was nade from a stock Pratt & Whitney
forglrg, roughlv machined to an outslide diameter approxi-
nately that of the root dismeter of thoe firs on a finlshed
"¥rgn'-glizge barrel. Twenity-sixz fins rearly 2 inches wide
nnd epaced nbout 1/8 inch apart were assemblod or tho dar-
rel. Thov wero made from 0,026-inca shoet copper with a
flrnge rolled on the lnnor diamcter to sorve aeg o moans of
spacirg nnd to aiford o lorge surfaco for voading to the
barrol (fig. 1l). The cooper-joint surfacos wero clenred
with omory cloth arnd a pickling fluld. The steol varrol
was nlso thoroughly cleaned wilth emorr cloth and washed
with Ppenzine to romove grease; a commerci-~l flux was oo-—
pliod. ATter tho fins woro assomblod on the varrel o ring
of 1/16~inch diamoter, low-molting, silver solder was placed
around each Jjolrt and moreo flux was rdded.

The Zinsg, nltanugh ir one plece, wero split to pormit
of thelr bolng s»road to go over tae thread belt. Thais
8aplit wons tocked together at tho outor odge of the firns
with solder after the ringe of soldor woro in placo.

The darrel asseomdly was clectricnllv furnace-orazed
ir o hZydrogon atnosvhore at a maxinun tompcrature of
1200° P. Table I shovws n tine~temperanturoe record of tho
borrel whlle bolng drazod,

The fians came from tho furnace in the anneonled steoto
and had lost some of thelr origiral rigidity, although
ther rotained theilr originnl bright copvor color.



4 second and a third barrel, not yet tested, were ma-
chined. llke. the first except that the outside diameter was
of a uniform size above the barrel flange so that 1t was
not necessary to cut the fins at assemdly as in the first
sot-up. The difference in dlameter between the barrel and
the fin was about 0.005 inch at room temperature. It was
found vetter ta have the fins a push~spring fit on the dar-
rel owlng to the greater expansion of the copper so that
.the solder will not run down the barrel and be lost during
the_time the assembly 1s in the furnace.

After the fins were mssembled a concentric ring of
stoel was then added for tho thread belt and the whole as-
senbly was furn 2 cd~brazed as 1in the first set-up.

The copper used for the fing of tho second and third
barrel was "oxygen free,? a much botter grade than that
used for the first barrel.

Another mothod of assombling the fins without cutting
taem vould bo the use of tho "aoro" type thread which por~
mits o uniform slzé for tho outelde of the barrsl above
the oarrol fln~nge.

HREAT-TRANSFER TESTS

Tegt opparatug.~ Tho test crlindor was eloctricallyr
hoatod with a wire coil wound on a soapstore coroc which
wvas inserted in the cylinder. Loss of heat from the ends
of tho cvlindor was prevonted by using crlindrical guard
r%ngs nade of shoot metal and fillod with rock wool (fig.
2 L ]

Surfaco temporatures were obtained at 29 points
eround tho cylindor by moars of iron-constantan thermo~
couples made from No. 40 gage wire. Nine of the thormo-
couglos mongured tho tomperature of the steel dbarrel overy
22i from front to rear of the crliinder nnd flve measurod
the tomporature at the baso of tho copper fins,

In order to attach the thermocouples to tho stesl,
1/8—1nch dlamotar holeos wore drillod through the covper
and solder.with a tapored drill until the drill vpoint
touchod tho stocl, Thon 0.018-inch diamotor holes were
drilled in the steol and the thermocouples poened in place.
The holos woro then filled with bakolite varnish. The



thermocouples were attached to the fin base by cutting
small 0,01l0-inch wide slots in the metal and peenlng the
thermocouples in place. Thermocouples were nlaced on the
fing one=tialrd and two~thlirds of the dlstance from base to
tip, and on the tip every 452 from front to rear of the
cyiinder. The thermocouples were soldered to the fins.
fYermocouples were distrituted over a number of fing so as
not to vlock the air flow in any one fln space. They wers
shellacked to the fing ard brought out through a bakellte
tuve to a cold junction board as shown in figure 3. An
ammater ard a voltmeter wero used to measure tas electrical
input of the crlinder and a potentiometer measured the cyl-
inder tenperatures.

Jacket.~ The test urnlit was enclosed in a wood Jacket,
a8 shown in figure 3, and alr wes drawn over the set-up
with a Roots blower. The Jacket shape and apvaratus used
for eguch a test are fully descridbed in references 1 and 2.
The jacket fitted tiphtlyr against the “in tins and guard
rings. Partltlions were placed betwoen the . uard rings and
cxlinder (see fig. 3) so that all the alr flowing into the
Jacket would flow over the cylinder. The welght of cool-
ing alr was measured wlth thin-plate orifleces placed in
the ends of a large tank., Temperatures of the air at the
orifices and of the cold Junction were obtained with aléo-
hol thermometers. A dlagrammatlical sketch of the avpatra-
tus 18 shown in flgzure 4.

Computationgs.~ The welght veloclity of the cooling alr,
Vplg, ovor the fins was calculated by dividing the weight

of the nlr vassing over the crlindor br the free—-flow area
betwesn the Fins.

The experimental heat-transfer coefficlents, U, were
obtained d» dividing the hent input per hour bdr the prod-
uct of the area of the wnll surfecce of tho cylinder and
the dirfference beitween the averaze temperature of the wall
surface and the enterling-alr temverature. Coefficionts
vore determined based on bPoth the itcnperature of tho steel
and tho bent—~over portion of the flns of ths cyrlinder.

Coofficients were nlso cnlculnted for stecl and prac-—
tlenlly pure coppor fins, of the scme proportione as those
of the test cylinder, cnst integrnlly. These coefficicnts
were bnsed on data determlned from tests of a large nunmber
of cylinders (referonce 3). The methods of testing, to-
gother with o more detalled description of the methods of
calculatling the coefficlents, are described in references
l, 2, 4, and 5.



DISCUSSION

Flgure 5 shows the results of the tests on the presg-
ent cylinder and calculated coefficlents based on test re-
sults of other cylinders. The coefficlents based on the
tenperature difference of the copper at the fin root and
the cooling alr are spproximately 9 percent lower than the
calculated coefficlents for practically pure copper. Adout
5 percent of this dlifference can be due to varlatlon of the
test datas the remaining difference may be due to differ-
ence 1ln purlt> of the copper. The experimental coeffi-
clents based on the steel temperatures are approxlmately
14 percent lower than the experimental coefficlents based
on the copper tempveratures at the fin root, indlcating
that the thermal dbond between the copper fins and the steel
barrel 1s not perfect; that is, a temperature drop occurs
across the Joint. Inproving tho bond and increasling the
purity of the retal can poseldly increase the heat transg-
for of the cylinder 27 percent. However, the experimental
cosfflclents of the test cylindor based on the steel tenm—
peraturo are approxinmatoly twice as great as the calculat-
od coofficlents for a stoel cyvlindor with steol fins of
tho sane direonsions, evon with an inperfect. thermal bond.

In all the tests tho over-all heat-transfor cooffl-
cient showod that the bond botwuen the copper fins and the
stool crlindor was imperfect., This condition was anticl-
pated bocause in drilling holes at the flango of the fin
for inserting the thermocouples, occcasionnl volds were on-
countered. When a condition of this kind was experienced,
the thormocouple was placed adjacent to tho void dbut far
enough away to be unaffectod by this condition. In order
to avoid an inperfect bond, lenkage of the brazing naterial
past thoe fines should bo eliminated so taat the space be-
twoen the fins and the barrel 1s conpletely filled. This
can be acconplished by naking the fins a tighter fit on
the barrel at assendly.

Future work on the adaptation of preformed copper
fins to stoel eylinders will include an investigation of
tho nerlts of high-frequency induction heating for braszing.
This process will zive a good bond and may avoid anneal-
ing the copper fin and the steool~-cylinder barrel, Sirul-
taneous induction hardening of the barrel and brasing of
the fins would afford a speedy production process.

A copper nuff with extruded integral fins has also



boon guggested as a method of ‘barrsl cooling worthy of in-
vostigatlon. The extrusion process is now used in naking
fins on coollng colle for alr-conditioning equipnment and
i1f 1t con be appllied to the fin sizes roquired for nir-
cooled onglne cylinders it nny havo sore possidilities
fron the standpoint of production.

BErzine toets aave not vet bocon rnade to determine the
effect of engire vibration and othor operating conditiors
on the copper fin, It nmar be necessary to supmnort the
firs at the outer edge, particularly where very wide firs
are required to obtain the proper cooling. Supvort for the.
fin could be ovtalned b7 soldering or brazing the fin tips
to the jacket which directs tho air flow acrose the finsg,

A conparicon of the relative cooling odtained with
copror, aluninun, and stecl fins is showr in figurc 6.
When conpared on a wolght basis, it can be sesn that the
higzher thermal conductivity of tho coppor rore than offsets
its greater woelght.

Tho large increase 1n over-all hesat-~traasfer cosffil-
clent obtalned with the bonded preformed conper fin should
percit an increase 1r the spaclfie outputs of alrcraft en-
g€ines of two to three tinmes those pernissivple with present-
day integral gsteel fins without exceeding barrel-cooling
linita,.

CONCLUSIONS

l. The experinontal heat-transfer coefflclent of a
steel—cylinder dbarrel with bonded preformed copper fins
was more than twlce that of the celeoculated coefflclent of
a sinilar barrel with integral steel fina of equal dinmen--
slons anl spacirg.

2« The preforned copper fin can be easllr bonded to
a steel—cylinder barrel. Owing to its high thernmal con-
ductivity factor, it conpares favoradly with any of the
lighter fin nnterlals oz a fin weight-coolling dasls.

3« The use of bonded preformed copnher finsg should
pernit an increase in the specific outnuts of aircraft en-
glnes of two to three times those permisslble wlith present-
dar integral steel fing without excesding barrel-~cooling
li!‘.‘.itB-

Langley Hemorial Aeronguticel Laboratory,
liational Advisorr Comnittee for Aeronautics,
Langley Field, Ve,
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TABLE I

Atmosphere

Hydrogen

Temperatures °C

Time Cylinder barrel thermocouples Furnace
No. 1 Eo. 3 Ho. 5 Top Bottom
9:30 750 750
9:35 e —— 225 750 | 750
9:40 280 230 345 685 635
9:45 417 384 4h5 665 590
9:50 495 471 520 635 615
9:55 560 5kk 575 6ko | 655
10:00 575 573 590 625 625
10:05 590 590 595 615 615
10:10 618 618 630 635 638
10:15 628 628 640 645 635
10:20 630 630 640 620 610
10:25 637 637 640 615 610
10:30 652 652 660 640 645
At 10:30, work sent to cooler.
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